
UNCLASSIFIED

AD 414121

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

w
UNCLASSIFIED



NMlZ:: ebn govera nt or other drawings, sped-
fications or other dat are used for any purpose
other than in connection with a definitely related,
goverMent procurMent operation, the U. S.
Government thereby incurs no responsibility, nor any
obligtion whatsoever; and the fact that the Goverm-
ment mY have formilated, furnished, or in any w
supplied the said dravings, specifications, or other
data is not to be regawded by implication or other-
vise as in any manner licensing the holder or ay
other person or corporation, or conveying any rihts
or pemussion to mnufature, use or sell m
p .tented inveation that m in anyma be zslated



mc-,

VM4 
V

%I J

(W)y



( 0 1 0)CUkN NO M9107 L 3 1

MOELNO COM PANTAC NY.

ISSU NO. - ISUDT

UCLASSIFIED TITL IA ~ AAL~3~T

23242 -5471-5
WON" Once* Fo UNIT we NS o

OPf'IAL LIMITATIONW ON ASTIA DISTRIBUTION

ASTIA nmy disr~bt. +-s eport t rnsr'g -eii. sub1,ct the + e~ r~oreet oco,- ':.fd,.f imetqrt, ond 4h,

IUNumiPrED - To oci agenc- ot rhi D-oorrr-nt o, Owfferr-a o'k-cntm

LIMITED - To u.;. M.!;,,rf 0r~maoriors only.

This w reot y b. itioe to ' nhorr .ro -1" o mic. ot mprooec oo svcicr -C Bcti 43 ocoro'oi of eco 'equr.

NOTE The LIMITED :or.geo4h s rIb stc9er-,~oei~di9c

PREPARED BY8___

SUPERISE Y ~ ''Af~

APPROVED My

NO. OF PAGES 38 1 EXCLUDING TMTE AND IIIIEVmIgON AND AIDOMO4 PAGE& I

DOCUMENT7 TITLE PAGE



TABLE (TCNTM

R~ODUCTION 4

ISOHICS3M CO10M FOR VAIZOUS BODY POflFS (1

MRS or Isamcmmms Cc~ou1ps 19

WMIMhTION OF OU.IBS Br CONSDI M ar a=RM AL 22

BCMY CCMPQIOZi OF THE FEa 22
GEMEAL COMMMON COUCE3M TA AND 1~ 23

24

25

APFP2Df A 26

APPEMM B30

AC S~46 L -ft3 
A f f " o D - 0 0

PAGE1



TAME TIM PAGE

Description of Body Points Analyzed. 10

2 Fractinal 8OIJA Amqle for Various Thicknesses
in the Seated Rhman at Various Body Points. 21

A-i Solid Angles for the MM B Case. (Percent) 2?

A-2 sold Angles for tk&e WA 4S Case. (Percent) 28

SAC 1S4 L-03 NOD2-90107

PAGE 2 2-1



LIST OF IM

FlOUR! TITLE PAGZ

1 A few views and sections used in dotermining tkhIak-
&oes of tissue around a point in the gut. 7

2 Contour plot of tissue iethick nesses in all direetiom
about the point, GOUT. 8

3 Contour plot of tissue isothioklomes in all direotionm
about the point, CREST 0. U

Contour plot of tissue isothicomes in all diroetimo
about the poigt, CNET 2. 12

Contour plot of time isthiso oses in all dfrtetimm
about the point, FUM l. 13

6 Contour plot of tissue isothikmss in eli.-diroatisms
about the point, U. 14

7 Contour plot of tissue ise in all di;eetieau
about the poit, WAIST 0. 15

8 Contour plot of tisue imothiknmese in all directions
about the point, WAIST 4. 16

9 Coatour plot of tisoe isothiekmoses in all diroetioas
about the point, WAIST 8. 17

10 Contour plot of tissue isthidmeems in all direetios
about the poiat, B 2. 18

uI.,rI~m NO. D2-90107

PAGE 3



So su -reao pol k i this doom Is the S m

at the theeusm a mm a I*~ Wet be 1- 1 MG&mlU

.aid fli every Ikireeaf It Is to I o a pjwtlam bu4d-1tr

point. ftecifaly8 ve ban calcu1ated the fractemoi mingle sub-
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c*Wute numrically the body point doe. in a ku-- uinmotz'qIi radiation

filL, Cruled with the deraLiod domIgn of a seat,* the dose to theme
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particular direction of that line. A series of suah lines for selected

thickness vere dra for six or eight vertisal section at various angles

f the front. ('Vertial" is here defined as the direction of the trunk

axis if the inn vere seated erect in a normal cbmir ad roos. "Briztal"

is defined by the lane to the verticl.)

Two angles are needed to define a thic ss linep a "latitude", or

angle from the "horizental" plane to the lne, an a nlongitude",, or angle

from the frmt to the line. Fig we 1 illstrates these definitions for the

case of a point in the gut region of our ypothetical 75-perentile seated

=. Using care to dray these lonmItudinal crss setion views of the hom

body, and to measure a large nanber of thienesses, x, at various & and

values, am acquires data for thickness contous. Aotmusl, a serAes of

thlo esses was chosen and 6' values found on given (. sectional views.

This data readJ plots Into isotdakness centews. FIue 2 is a plat e

these oontours on a - , mp for the gut point of 71g. 1. With a little

iinatin, one a identify sor body strutures as seen from this gut

point looking out in all directions. *houlders# legs, etc. awe claw;

other parts are less obvious. In Fig. 2 the body ves assued to be cemoeed

entirely of soft tisse; the bones and lungs were nealeted insofar as they

are different from tissue. Ow effects of IW and bem m discused later.

This might be considered the Inverse process of oplaloscepeiul

SAC 1546 L-03
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Folding line/

'--I-Folding line

x

-Iei

is vertical axis, passing through the point of interest (Gut).

Sis longitude angle.

is latitude angle.

x is thickness, a function of & and 0for this point.

FIGURE 1. A few views and sections used in determining thickness
of tissue around a point in the gut.
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3i ISOTHICKNESS CONTOURS FOR VARIOUS BODY
POINTS OF RADIOBIOWGICAL INTEREST

Twelve points in the assumed seated 75-percentile man were selected

for this study. Some of these points are of specific radiobiological

interest, since body radiation responses are associated with organs situ-

ated there. In this category are gut, sternum, femur, spleen, and eye lens.

Others of the selected points allow an estimate of trunk depth dose distri-

bution. For some points the effect of considering bone or lung air was

found for the isothickness contours. Table 1 summarizes the chosen points,

and gives an identifying code symbol. Using the methods illustrated in

Fig. 1, mappings were made of lines of constant tissue thickness between

the body surface and the selected points. Nine such contours are shown

in Figs.2 through 10 for gut, chest skin, sternum (with air in the lung),

femur (neglecting bone), eye lens, waist skin, waist 4 ca deep, waist 8 ca

deep, and spinal column, respectively. Latitude 0 is plotted vertically,

longitude , horizontally; thus the head is along the top in the isothick-

ness contours for body trunk points, the body front is on the center, and

the back is along the edges, where -1800 is the same as +180.

9
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ThAM 1. Deawtptice. of Body Pfeit Analzsed.

Central Out,, 10 ca up from mat, and 10 cm forward fr back
of sent.

Chest Center, n the akin srface, 55 an uP from smt. a 0

Chest Center, 2 cm in from the skin, in sternum, 55 an up 0 2
f seat, neglecting lungs.

Chest Centers 2 cm deep, in sternm, as befre, takI account C0M 2 L

of air in lungs.

Spinal Card Hgian, 55 cm uY frm stp 2 an deep la bad . B=C 2

Fenar, that s, leg centerj 38 am forvard frm back of seat, FUM
9 = up from set leve (neglecting bane).

Femir, sae point as before, takin count of bane structure Frw 3
(See Text).

14ye lensa right eye surfaces neglecting facial eranial EUY

boy structure.

Mbist, right side, an the skin, 25 an up from seat level. WAN 0

ftLst, right side, 25 cm up fre ieast level,,1 am in fr skin, WAIN 1
an the add-sagtal line.

ibLst, right side, 25 am up from seat level# 4 an In from skin WAE 4
an the mid-sa"Ital line.

Waistp right side, 25 cm up &om seet level, 6 am i n skin, WA 6

on the mid-saggital line.

Vift, right side# 25 am up fri seat Jeaw, 8 an In frau an am WAIN 8
the dd-seggita line.

iAC IS46 L. NO.
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Whowwr a hwa bsty to imars.I In a I- elfetan -U atI

flux, niot necessarily Isotropic, the inoxmt of radiation reaching a speolfle

beft Polft ad the do"o abombod there aw be gsea~ted. uin the is*-

thi ckuess contours if the inbsorpticn properties of the radlatim are. knon.

The activating emwle for this sudy Is the space radiation envirmutp

but the coitous givm wv be wed with az~itxmy milw itbts

War Ing"Oat fbi=. OamlAw 2& @nplar 4isti o n radlatim

lasldat qpon the body, 1( 9,~) p vbih Is attenustot mwrina6 to

mm ftmetimnl i pmesiom A(z) whoe z is the i~eksess of Usm. x In

turn is a funtimn of 9 SM 0, eooriing to the isetmewiess oumts)

let this fwunstim be x,( 8, pi) earreqsualhag to pedt P In the U4d.

Further, lot D be the omarsim fmtw tiM flux to aboafted dese ter the

typ Sm qwallty of the ioditlamj D need not be a ... stm 8 Indeed it to

@=Wm&U dqeodMl0t Wt MONO aPM~rMp *A" SA tX 4PMS WelX

Mhe vw In vuh dose is owiutM Is not la the amps of this det.

b~eiu.tkat Arl.- is cosedG 00" ve M witia the PameM at

a dose oaquttlm in the folawlg s7.l*in:

VIMat P - ff'[( , 0)I [ A(z,C9, 0))] an06 A O
Dom at P a f f lip( to] [A(z.)OO))] [D] .es9 L6a~ b

Awre woi sprtl depomWs w" 1wpUaie~ ent.as£o la the Umsholo

A s1)a, but lasefu a" olit twn tos iSfft A IV the Istwui.4

&tsrib Tim 1 0) - emote". 1w WAiS metrb ± am Pwfft

the Ixt Solls by silaula quaml. atem.e ~
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bee m2melze into freatimI s s.ma m1 tenfimi by a moloo o thik-

Asess, ftm the fraction of tbe 9 , C0 sphere occupied by ore

thicknesses uns deterineda gr aphcaly, with a1Imso nef for the a

in Amz of the as elinmt d9 At A0 a" & c tba 0~ 2kis Vag

done by ounting, oquares on the isothiesas plot., the space between

eutmw lines bein assve to an t- 1 adiate value of thlakwes. M

owae between ceitours was veigted by the cos & factor by counting Squ.ZW

,within 5- or 10-degree wide latitude bent, and asl-M thwexone lath..

tug. value. 2ba, for the bn 30 to 35 deass tUe as le t the 11.

and 12 am tissu thickcess couitws vas smaltiaied by es 32.50 SR sle

to the thicksess 31.5 on- MS ws van compted ia its of tbe &IV S

a sphee of uit ares,. Tft the tots So -na swas of all thikness, xqg%

shild2 add up to umity, proviag a check of the grphical awcvzc.

Becme of the lwoafte of the, isotropic dht10 the, remite

of the mayids of the l.tlkescontou for the twelv selected

points are tabulate& la 2a 2v cabis 1. &two a timmus Vticknemaj

coums 2 to 14 ohm the ftt~iomo solid 692 suted 00t tVe Indicted

body point in the 75-yereemt±3 seasta uen For a siven body point vuim

a set of these fractianaL solid ange Vas a nd rempectiw thlcaome xg

si mw cocrute dome at that body paint by the iontlea

Uw - () 7-1 A(x 1 ) ,(x)hIB*OmIAM(if,

m In Ialnitt imet"gO" f2= an tOe bwd

A (xiL) is the amwy"lo In xl m ofUsie

n( Is the ftftl1 li M u NMiming1 U to 31

[oweauoamsi, (x) is Vi b1 *e t ps m
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1001 OWONUM MY OU~flOAIC OF OM M nAU

The isothickness contows for OM 2., the stermn= vith lung air

considered, differ from those of CAM 2,p In which the 1mg gomtry vas

neg. ted. Table 2 showu the effect of this difference, in a cooriam of

coluxun 4 and 5. In an actual doe couputat~mi, the difference betveen

the tw cases ats to less thm toon percent for typical. space zwetom

spectra sal simplified Yebiales (Def. 1.). For a different type of

radlatim,* such as lnr .inwgW II-ras produced by seelectrms, the effeet

of neglecting the h4 e-Z bGWn absorption VviM OV62TUS the 2mg aic

effect.

* w OOiaSMoM !r To3pa

Inastead of the almhifted tromsmn of the fam (aeglectrns bon),p

It -VU decided also to coqUte the fmw dome .efas1Aering the fact that

radiation hee to traverse a cemt, bwe. owtax ad a "sperna" bon

(lmllar) interior utrunture to rach the azw In be 0et~ This

analysis wra labe3.la "1303 3", and due to Its eomlitV Is nt plotted

hues but Is rate tabulated In the eWmuilx to tWS dmamt. fteiso

thlke~ss conten's for tiamue and beth bo Vpme Wv.r plotted epamteU~

an seirumee te arrive at 72 searate tklakse reg~ams la Use tree'.

makerta osateurso t amod pisable m forW~ake remult at tia

awo d 4@e 134=8 for 150 3 v" Smy a ftv pSammt less VmVt

for the OMM1mte 1303 osse, Aw -Im -rt. as 49t"Me fw

X-MW wu3A bvmw# be fItioint.drl-

~ I NO. me~
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O Oinzin OaCmX ZaM AMNO

2h cases sosyzed Lnx~sate tkat te extra effort involve In thehu

SeamtUSy probla to take mcoamt of bom wd lup Is not JustIt. for

op. proteo dose Mcsiems bu is amosmy far Ske aeaa1tIa of

qmoe ole bri os.
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* SUMOIlY

A method has been described by which the human body tissue geometry,

or any complex three-dimensional fignre, may be analyzed into terms useful

for calculations of radiation dosage to interior points. The method was

applied to the seated In male (75-percentile U.S. Air Force man), to

determine contours of constant tissue thicliess about tvelve radiologicall

intereiting body points. For use in an isotropic radiation flux, the

fractional solid angle subtended by various tissue thicknesses is given.

The power of this approach is evident, for it replaces a complicated
geomet-r problem with a (perhaps larCe) set of simple "stralght-throu "

layered-shield problems. Each simple dose problem may be solved easily by

electronic computer and the results weighted 'with the corresponding

fractional solid angles and sumxed to arrive at the total dose at a point

in the coMplicated geometry.
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AP=A

Bare We tabuUAted the fractiemal aeld =&Uas fer varias thIsku sas

of tissmo bore wm~d a point in the fam 38 ca fowr of the seat

back and 9 = v fro the soft. two type at bern. ere emuideed, a

moast be otem, mda spem' (lIneUu) be Intriw, of dowtity

1.85 sand 1.17 hs/, respectIw26y. This taulin ia somewhat inore

exact anaysis of the fmw than that listed In table 2 In the twct.

MMeze the body vem assued to be entirely oeaed of 1 gM3density

tissue. Oolu 1 of table A-1 ist various thicakees of spona bane

about the selected point in the vaieus directims. Oolm 2 lists for

each wlsue of cbu 1, thicsses of Ow~act bon. In oolsmo 3 to It

*ars, lited,f or each bm thialness act, the frmstiini moJMd amt cres-

Dooizag to the thiakmsses or tisue given at the hewls of the eabs.

All tbickmses we givm la g/= 2 MIU

lAXW 115

An sanlayis wa mis of the offet of a shielded eheir ca uhlekh

"stram" ada be sitting while being ei~oaed ta radiation. In Tale

A-2 we given the fractiomal s"1i mglb for the same of the 4 am depth

In the vaist (25 cm aboe semt, o lai lrn rl~t side). Wo sotim

or the chWf as se fro this point is 1Issed by the dashed line in

11g. 8 - slAkes proidifg seat an W&1 ahleldIAs It eovws tae back,

vws aramd the oldes to a height of 25 an dwn Unsf vl

Ma .0 wm ide belt arud the mbdrnm 3 to 523 a e, t0ho v iUnat le,.l.

Th thikahes of the shieldin sater mW be mW deuIre wa mod is givin
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TAME A-2. Solid Agles for the VAM 4S Case. (Percent)

lretiml
Chir ThIcm]ess Tissue Thickness Solid Angle

(g/aa 2 (g/OW ) (perseut)

o 4.5 0.648
0 5.5 2.723
o 6.5 3.935
o 7.5 2.663
o 8.5 1.712
o 9.5 1.5419
o Ui 3.135
o 13 3.880
o 15 2.159
0 17 .266
o 19 1.2 .6
o 25
o 35 4.612
0 452.605
0 55 0.669
0 65 0.200
0 75 0.075
X1 4.5 3.076

5.5 6.557
6.5 6.295

l 8.5 3.9.57

9.5 3.256
U 3.205

15 2.611Rz17 2.148

25120
XE35 9.218
SN 4.5 1.915

Total IW0.33T

SAC S46 L-3 
N .B - oENO. 8-90

PAGE 28 1 0



asmx In Table A-2. In tk* em analyzed for actual spece preten dome

calmultion# cm 2-nd- g/a polyeth1.m thicknss vae chosen a"

typiasi femlble Chmfr ah-e3alng Valm. Tem dose a~pti m .

repm-We elsevbere (hrf. 1),van mbw the effect at the Chmfr shie3Ma6g on

the VUAR 4i point total dane (FrUM7n PlUm secondary) to be setlemeble

but probably not u4igfluint from the proteetim polot of v:L.

EAC 1544 L-ft3
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APZM B

Sere are given sa of the basis outline and section dymvn;s of

the seated T5-perentile male assimd fer this wtid. (The wer leg

drawings are not givn here.) Table 3-1 gives the data frm the Btzb*Mg,

Daniel . and Churhill repcor (Bef. 2) used in mking these meale dz'rwga

of the himn body.

In Fig. B-1 a side viev is shown, drawn from the data of Table-,

but not showing the lower legs. In Fig. B-2 the back view I shown, less

lower legs. In Fig. B-3 the top view Is gLven, with transverse secti

drawn at indicated heights above the seat level. The seleted a=aijis

points are indicated on Figs. B-1 and 1-2. Fig es BA ad B-5 shm the

transverse sections of the head, based on the data of Table B-i, the rims

given In rtn &men Cra -Setliml #AstaW (ef . 3), and &m artistic

imsanation. Figures 3-6 sad -7 shim side an trot views of the hNd,

repctively, as used In the isothicness eantour MipPIM of the a.

SAC IS% L) NO
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B~~~~e laste i-.Meeut .. 5-lare.t± .

Beat levl to top of hed 93.6

"eYe 82.2

" shoulder 61.0

' " " wtbh .

0 thlo ClenrMs 15.2

. " bottm of feet (poplite heit) 5

Slevel to botto of feet (knee *St) 56.8

Chest depth (A - P distoe) 2.3

Wist depth (A - P dita e) 21.6

Buttock depth (A - P ditae) 23.8

Buttock (back of sat) to kn. ngth 6L.8

Most breadth (Isterai) 31.9

Mea disaterLI

Bfe.Itoid dimter 47.0

Zlbov-to-elbov breadth 4.3

Hip breadth 37.0

Ibee-to-kee breath 20.9

bad length ( -ts- a) 19.3

bead depth 20.1

Nod breth 3.9

IAC M4 LI N
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